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TITLE OF THE INVENTION 

LONG PERIOD GRATING AND MAKING METHOD OF THE SAME 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a long period 
grating where the refractive index is modulated in a 
predetermined range along the longitudinal direction of 
the optical wave guide for transforming core mode light 
into clad mode light, and a method of making such long 
period grating . 
Related Background Art 

In a long period grating, long period (several 
hundred \xm period) refractive index is modulated in a 
predetermined range along the longitudinal direction of 
the optical wave guide (optical fiber or plane optical 
wave guide) . By transforming a core mode light with a 
specific wavelength into a clad mode light using the 
refractive index modulation, the specific wavelength 
light is leaked from the core to the clad. Such a long 
period grating is used as a light filter since it 
causes a loss to a specific wavelength of light 
selectively out of the incident lights. Also the long 
period grating is characterized by non-reflection, so 
in the wavelength division multiplexing (WDM) optical 
transmission system, it can be suitably used as a gain 
equalizer which equalizes the gain of a light amplifier. 
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A long period grating, where refractive index is 
modulated with a predetermined period, has one loss 
peak, which has a shape approximated by a Gaussian 
function, in the wavelength band of signal light used 
5 for normal optical communication. Whereas the gain 

equalizer for a light amplifier must have a loss 
spectrum having the same shape of the gain spectrum 
which the light amplifier has, and must have a loss 
y, spectrum having a shape where a plurality of loss peaks, 

|Q 10 which loss peak wavelengths are different from each 

y~ 

pli other, are superimposed. Therefore the long period 

grating, which is suitably used for a gain equalizer, 
can be implemented by cascade-connecting a plurality of 

long period gratings, where refractive index is 

w* 
pi 

*j,Z 15 modulated with different period, by fusion splice or 

i«s{? 
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another means ♦ 
SUMMARY OF THE INVENTION 

However, a conventional long period grating having 
a plurality of loss peak wavelengths is large in size, 
20 since a plurality of long period gratings are cascade- 

connected. Particularly when a plurality of long 
period gratings are connected by fusion splice, extra 
length is required for the fusion splice, which makes 
its size even longer. 
25 With the foregoing in view, it is an object of the 

present invention to solve the above problem and to 
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provide a small size long period grating which has a 
plurality of loss peak wavelengths in a signal light 
wavelength band, and a making method of the same. 

A long period grating according to the present 
5 invention is a long period grating where a refractive 

index at a predetermined range is periodically 
modulated at a several hundred |um order along the 
longitudinal direction, wherein a plurality of first 
areas are arranged discretely in the predetermined 
10 range, and the refractive index of each position in 

these first areas is modulated to a refractive index 
yi that is the same as the refractive index is modulated 

2 

3 at a first period all through the predetermined range, 

jjjj This long period grating has a loss peak due to 

LB 15 the first period refractive modulation, which are 
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formed in the plurality of first areas respectively in 
the above mentioned predetermined range, and a loss 
peak due to the discrete arrangement of the plurality 
of first areas in the above mentioned predetermined 

2 0 range. The wavelength of the former loss peak is 

determined depending on the first period. The 
wavelength of ' the latter loss peak is determined 
depending on the arrangement of the plurality of first 
areas. By setting these appropriately, this long 

25 period grating can have a plurality of loss peaks in 

the wavelength band of the signal light used in normal 
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optical communication, and the size thereof can be 
decreased. 

It is preferable that the deviation of the lengths 
of the first areas and the deviations of the lengths 
between them are smaller than double that of the first 
period. In this case, the first areas are arranged at 
a predetermined period with substantially the same 
predetermined length. In the above mentioned 

predetermined range, the wavelength of the loss peak 
due to a discrete arrangement of the plurality of first 
areas can be adjusted by appropriately setting this 
length and period. 

It is preferable that the amplitude of the 
refractive index modulation of each area of the first 
areas is the same as one another, since the average 
refractive index in each of the plurality of the first 
areas becomes constant. 

It is also preferable that the long period grating 
further comprises one or more area groups, wherein a 
plurality of areas are discretely arranged in an area 
other than the first areas in the predetermined range, 
and the refractive index at each position of each area 
has been modulated to a refractive index which is the 
same as the refractive index modulated at a unique 
period, which is different from the first period, all 
through the predetermined range. In this case, the 
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long period grating has a loss peak due to the 
refractive index modulation formed in each area of each 
area group in the above mentioned predetermined range, 
and also has a loss peak due to the discrete 
arrangement of the areas of each area group in the 
above mentioned predetermined range. 

It is preferable that the areas of each group are 
sequentially arranged without a space, since the size 
of the long period grating can be decreased. 

If the deviation of the lengths of each area and 
the deviation of the lengths between them are set to 
values smaller than double that of the refractive index 
period of the area, then the areas of each group can be 
regarded as being arranged at a predetermined duty 
ratio with a predetermined length. And the wavelength 
of the loss peak due to the discrete arrangement of the 
areas of each group in the above mentioned 
predetermined range is adjusted by setting the period 
of [these areas] in the arrangement appropriately. 

It is preferable that the amplitude of the 
refractive index modulation of each one of the areas is 
the same for each within a same group, since the 
average refractive index in each area in a same group 
becomes constant. And it is preferable that that of 
the refractive index modulation of an entire area is 
the same for each in an entire area since the average 
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refractive index in the entire area becomes constant. 

A making method of a long period grating according 
to the present invention is a method for making the 
above mentioned long period grating according to the 
5 present invention, comprising steps of preparing a 

first intensity modulation mask where a mask pattern is 
created according to a predetermined period in an 
entire area along a predetermined range, and a second 
|pi> intensity modulation mask where light blocking sections 

£3 10 are arranged between a plurality of light transmission 

§ 

|U sections along a predetermined range, overlaying these 

§;: 

yj two intensity modulation masks on each other and 
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placing them on a processing target optical wave guide, 
and creating long period gratings by irradiating the 

15 refractive index change inducing light, which is 

transmitted through these two masks, on the optical 
wave guide to cause the refractive index change. 

It is also possible to create a plurality of 
groups of long period gratings by preparing a plurality 

20 of masks with different mask patterns as first 

intensity modulation masks, preparing a plurality of 
masks with a different arrangement of light 
transmission sections as second intensity modulation 
masks, and repeating the arrangement of masks and 

25 irradiation of refractive index change inducing light 

by changing the combination of the first intensity 
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modulation mask and the second intensity modulation 
mask . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the first embodiment 
5 of a long period grating according to the present 

invention. Fig. 2 is a diagram showing the refractive 
index modulation thereof; 

Fig . 3 and Fig . 4 are diagrams showing examples of 
fc* the transmission characteristic of the long period 

G3 10 grating of the first embodiment; 

m 

Fig. 5 is a diagram showing the general 
yj transmission characteristics when the long period 

s 

8 grating of the comparison example 1 and the long period 

gs grating of the comparison example 2 are connected by 

m 

gi 15 fusion splice; 

J£l Fig. 6 is a diagram showing the second embodiment 

of the long period grating according to the present 
invention; 

Fig. 7 is a diagram showing an example of the 
20 transmission characteristic of the long period grating 

in Fig. 6; 

Fig .. 8 is a diagram showing the general 
transmission characteristics when the long period 
grating of the comparison example 3A and the long 
25 period grating of the comparison example 3B are 

connected by fusion splice; 
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Fig . 9A to Fig • 9C are diagrams showing the 
intensity modulation masks to be used for manufacturing 
the long period grating in Fig. 6; 

Figs. 10A and 10B and Figs. 11A and 11B are 
diagrams showing the manufacturing method for the long 
period grating in Fig. 6; and 

Fig. 12 is a diagram showing the third embodiment 
of the long period grating according to the present 
invention, and Fig. 13 is a diagram showing an example 
of the transmission characteristic thereof. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention 
will now be described with reference to the 
accompanying drawings. To facilitate the comprehension 
of the explanation, the same reference numerals denote 
the same parts, where possible, throughout the drawings, 
and a repeated explanation will be omitted. The 
dimensional ratio in each drawing may be partially 
exaggerated for the description, and do not always 
match the actual dimensional ratio. 
(First Embodiment) 

The first embodiment of the long period grating 
according to the present invention will be described 
first. Fig. 1 is a diagram showing the long period 
grating 1 of the first embodiment. Fig. 1 shows a 
cross-section when the long period grating 1 is cut at 
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the plane which includes the optical axis. In the long 
period grating 1 shown in Fig. 1, refractive index 
modulation with a first period Ai are formed at a 
plurality of first areas A respectively of the core 
5 area 11, in a predetermined range W along the 

longitudinal direction of the silica-based optical 
fiber 10, which includes the core area 11, where Ge0 2 
has been added, and a clad area 12 surrounds this core 
fpi area 11. 

(f| 10 If the z axis is set in the longitudinal direction. 

II 

m (optical axis direction) , then the refractive index 

If* 

modulation f (z) at the position z in the predetermined 
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area W is given by the product of the first square wave 
function Fi(z) and the period function F 2 (z), that is, 



y| 15 Fi(z)= Fi(z) F 2 (z). Here the first square wave function 



Fi(z)is a function given by 

Fi(z) = 1 (within area A) 
Fi(z) = 0 (outside area A) (1) 
The period function F 2 (z) is a period function F 2 (z) 
20 having a predetermined first period Ai, and is given by 



F 2 (z) = An uv 



f 2n ^ 
1 + cos z 

v A i J 



(2) 



where the amplitude of the refractive index modulation 
is a constant An uv . Fig. 2 is a diagram showing the 
refractive index modulation of the long period grating 
25 1 according to the first embodiment. In Fig. 2, a sold 
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line corresponds to the refractive index modulation 
f(z), and a dashed line corresponds to the period 
function F 2 (z). In other words, the refractive index 
at each position in the first area A is the same as the 
case when the refractive index modulation is set by the 
period function F 2 (z) . 

Here it is assumed that a plurality of the first 
areas A are arranged at a predetermined period L 0 and 
the length of the plurality of the first areas A is Li 
respectively, as shown in Fig. 1. At this time, the 
above equation (1) becomes a square wave function where 
the period is L 0 and the duty ratio is Li/ L 0 , so a 
Fourier series expansion is possible. And the 

refractive index modulation f (z) in the predetermined 
range W is given by 



In the case of prior art where the refractive 
index is modulated with a first period Ai with 
amplitude Anuv all through the predetermined range W, 
on the other hand, the refractive index modulation 
f 0 (z) is given by 



f(z) = An uv 1+cos z — 

I A l J L 0 
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5,(z) = An\ 



f 2n \ 
1 + cos z (4 ) 



Comparing the equation (3) and the equation (4), 
the following becomes clear. The first term of the 
right side of the equation (3) becomes the same as the 
5 equation (4) by setting the refractive index modulation 

amplitude An uv appropriately. Therefore in the long 
period grating 1 according to the present embodiment, 
the loss peak due to the first term of the right side 

q 

£3 of the equation (3) can have the same shape as the loss 

m 10 peak in the conventional long period grating, where the 

LrJ refractive index modulation is given by the equation 

(4) . 

m 

fp The second term of the right side of the equation 



jjj (3) is the period component of the square wave function 

P 

P 15 Fi(z) of the equation (1). Since the relationship 

between L 0 and Ai is 
L 0 »Ai (5) 
the second term of the right side of the equation (3) 
influences the loss characteristic at the longer 
20 wavelength then the wavelength of the loss peak due to 

the first term. 

The third term of the right side of the equation 
(3) can be transformed to be 
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An uv _^ 



2 . m^L 1 
-sin -< cos27r 



vxk L 0 



f 1 

+ 



Z + COS2tT 



z 



2 m =l 

(6) 

In other words, the third term of the right side of the 
equation (3) provides a loss peak due to the beat of 
5 the period Ai and period M/L 0 . Therefore, the long 

period grating 1 according to the present embodiment 
can have not only a loss peak based on the first term 
(?* of the right side of the equation (3), but can also 

CI 

C3 have a loss peak based on the third term of the right 

m 

R! 10 side of the equation (3) in the wavelength band of the 

Ljl 

y signal light used for normal optical communication (e.g. 

3 1520nm - 1600nm) by setting the value L 0 appropriately. 

m 

0i In the above description, the first square wave 

ft 

m function Fi ( z ) has period L 0 and duty ratio Li/L 0 . 

I 

lil 15 However, the first square wave function Fi ( z ) may have 

period L 0 and duty ratio Li/L 0 only if the deviation of 
the length L x of each one of the plurality of first 
area A is smaller than the double of the first period 
Ai, and if the deviation of the lengths between each 
20 area of the plurality of the first areas A is smaller 

than the double of the first period Ai . Also in the 
above description, the period function F 2 (z) of the 

first period Ai has equal refractive index modulation 
in each one of the plurality of first areas A. This is 
25 preferable because the average refractive index in each 
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one of the plurality of first areas A becomes constant. 

Now examples (example 1 and example 2) of the long 
period grating 1 according to the first embodiment will 
be described. 

5 Fig. 3 is a diagram showing the transmission 

characteristic of the long period grating of example 1. 
In the long period grating of example 1, Lo = 4mm, Li = 
2mm, Ai = 360|im, the number of the first areas A is 10, 
frj and the length of the predetermined range W is 38mm. 

10 The transmission characteristic of the long period 

!p grating of the example 1 is indicated by the solid line 

W in Fig. 3. The dashed line in Fig. 3 indicates the 

2 transmission characteristic of the long period grating 

CP (the refractive index modulation with a predetermined 

m 

£3 15 period are created all through the 38mm length) of the 

S comparison example 1. 

As Fig. 3 shows, the long period grating of the 
example 1 has a peak at around wavelength 1530nm, just 
like the long period grating of comparison example 1. 
20 The loss peak at around the wavelength 1530nm is based 

on the first term of the right side of the equation (3) . 
The long period grating of the example 1 also has loss 
peaks at around the wavelengths 14 65nm and 1620 
respectively, unlike the long period grating of the 
25 comparison example 1. These loss peaks are based on 

the third term of the right side of the equation (3). 
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Fig. 4 is a diagram showing the transmission 
characteristic of the long period grating of the 
example 2. In the long period grating of the example 2, 
L 0 = 10.6mm, Li = 6.1mm, Ai = 360pm, the number of the 
5 first areas A is 4, and the length of the predetermined 

range W is 38mm. The transmission characteristic of 
the long period grating of the example 2 is indicated 
by the solid line in Fig. 4. The dashed line in Fig. 4 
h k indicates the transmission characteristic of the long 

m 

C'3 10 period grating (the refractive index modulation with a 

w 

lU predetermined period 373.5pm are created all through 

fjj the 38mm length) of the comparison example 2. Fig. 5 

4i 

6 shows a general transmission characteristic when the 

fa long period grating of the comparison example 1 and the 

fS 15 long period grating of the comparison example 2 are 

S| connected by fusion splice. 

As Fig. 4 shows, the long period grating of the 
example 2 has a loss peak at around the wavelength 
1530nm (based on the first term of the right side in 
20 the equation (3) ) , and also has loss peaks at around 

the wavelengths 1505nm and 1560nm respectively (based 
on the third term of the right side of the equation 
(3) ) . Also as the comparison between Fig. 4 and Fig. 5 
shows, in the wavelength band of the signal light used 
25 for normal optical communication (e.g. 1520nm to 

1600nm) , the transmission characteristic of the long 
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period grating of the example 2 is roughly the same as 
the general transmission characteristic when the long 
period grating of the comparison example 1 and the long 
period grating of the comparison example 2 are 
5 connected by fusion splice. In this way, the long 

period grating of the example 2 has a small size, even 
if a plurality of loss peak wavelengths exist in the 
signal light wavelength band. 

M 5 (Second Embodiment) 

3 

p 10 The second embodiment of the long period grating 

'XF7f 

RJ according to the present invention will now be 

W described. Fig. 6 is a diagram showing the long period 

s grating 2 of the second embodiment. Fig. 6 shows a 

CI 

fp cross-section when the long period grating 2 is cut at 

jjj 15 the plane which includes the optical axis. In the long 

m period grating 2 shown in Fig. 6, refractive index 

modulation with a first period Ai are created at each 
one of the plurality of first areas A of the core area 
21 in a predetermined range W along with the 
20 longitudinal direction of the silica-based optical 

fiber 20, which includes the core area 21, where Ge0 2 
has been added, and a clad area 22 surrounding this 
core area 21, and the refractive index modulation with 
the second period A 2 is created in each one of the 
25 plurality of second areas B of the core area 21. The 

first areas A and the second areas B do not overlap 
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with each other, but are created alternately along the 
longitudinal direction. The first period Ai and the 
second period A 2 are different from each other. 

In a predetermined range W, the refractive index 
modulation in each one of the plurality of first areas 
A is given, in the same manner as in the first 
embodiment, by the product of the first square wave 
function, where the value in the first area A is 1 and 
the value in the other area is 0, and the period 
function of the first period Ai. In the same way, in 
the predetermined range W, the refractive index 
modulation in each one of the plurality of second areas 
B is given by the product of the second square wave 
function, where the value in the second area B is 1 and 
the value in the other area is 0, and the period 
function of the second period A 2 . By this, the 
refractive index in each area becomes the same 
refractive index and the same modulation pattern at a 
position the same as when a predetermined range W is 
modulated by the refractive index modulation pattern 
that has a predetermined period function* 

It is preferable that the first square wave 
function has period L 0 and duty ratio Li/L 0 . However, 
if the deviation of the lengths Li of each one of the 
plurality of first areas A is smaller than double that 
of the first period A x , and the deviation of the 
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lengths between each area of the plurality of the first 
areas A is smaller than the double of the first period 
Ai, then the first square wave function may have period 
L 0 and duty ratio Li/Lo. In the same way, it is 
5 preferable that the second square wave function has 

period L 0 and duty ratio L 2 /L 0 . However, if the 
deviation of lengths L 2 of each one of the plurality of 
second areas B is smaller than double that of the 
[?* second period A 2 , and the deviation of the lengths 



G3 10 between each area of the plurality of second areas B is 

s 

W smaller than double that of the second period A 2 , then 

M 

y the second square wave function may have period L 0 and 

45 

s duty ratio L 2 /L 0 . 

p It is also preferable that for the period function 

£3 15 of the first period Ai, the amplitude of the refractive 

m index modulation is the same in each one of the 

plurality of the first areas A* In the same way, it is 
preferable that for the period function of the second 
period A 2 , the amplitude of the refractive index 
20 modulation is the same in each one of the plurality of 

second areas B. Also it is preferable that the 
amplitude of the refractive index modulation in each 
one of the plurality of first areas A and the amplitude 
of the refractive index modulation in each one of the 
25 plurality of second areas B are the same . 

For the transmission characteristic of the long 
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period grating 2 according to the present embodiment, a 
component due to the refractive index modulation in 
each one of the plurality of first areas A and a 
component due to the refractive index modulation in 
5 each one of the plurality of second areas B are 

superimposed. The component due to the refractive 
index modulation in each one of the plurality of first 
areas A is the same as that shown in the first 
embodiment. The component due to the refractive index 

S 

|| 10 modulation in each one of the plurality of second areas 

nil B is also the same as that shown in the first 

M 

jy J embodiment. 

3 Now an example (example 3) of the long period 

m grating 2 according to the second embodiment will be 

m 

gj 15 described. Fig. 7 is a diagram showing the 

15 

m transmission characteristic of the long period grating 

in example 3. In the long period grating in example 3, 
L 0 = 4mm, Li = 2mm, L 2 = 2mm, Ai = 360|jia, A 2 = 3 65jam, the 
number of the first areas A is 10, the number of the 
20 second areas B is 10, and the length of the 

predetermined range W is 40mm. The transmission 
characteristic of the long period grating in the 
example 3 is indicated by the solid line in Fig. 7. 
Fig. 7 also shows the transmission characteristic of 
25 the long period grating (a refractive index modulation 

with a predetermined period 363|jia are created all 
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through the 40mm length) of the comparison example 3A, 
and the transmission characteristic of the long period 
grating (a refractive index modulation with a 

predetermined period 3 68(om are created all through the 
5 40mm length) of the comparison example 3B. Fig. 8 is a 

diagram showing the general transmission characteristic 
when the long period grating in the comparison example 
3A and the long period grating in the comparison 
example 3B are connected by fusion splice. 

9 

p 10 As Fig. 7 shows, the long period grating in the 

Ri example 3 has loss peaks at around wavelengths 1540nm 

W and 1550 nm respectively, (based on the first term of 

ssjsb 

s the right side of the equation (3) ) . The loss peak at 

m 

CP around the wavelength 1540nm is due to the refractive 

C| 15 index modulation with the first period Ai in the first 

fij area A. The loss peak at around the wavelength 1550nm 

is due to the refractive index modulation with the 
second period A 2 in the second area B. 

The long period grating in example 3 also has loss 
20 peaks at around the wavelengths 1475nm, 1485nm, 1625nm 

and 1640nm respectively (based on the third term of the 
right hand side of the equation (3) ) . These loss peaks 
can exist in the signal light wavelength band by 
appropriately setting L 0 . 
25 As the comparison of Fig. 7 and Fig. 8 shows, in 

the signal light wavelength band used for normal 
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optical communication, the transmission characteristic 
of the long period grating in the example 3 is roughly 
the same as the general transmission characteristic 
when the long period grating in the comparison example 
5 3A and the long period grating of the comparison 

example 3B are connected by fusion splice . In this way, 
the long period grating in the example 3 has a small 
size, even if a plurality of loss peak wavelengths 

h* exist in the signal light wavelength band. 

£3 10 Whereas the period Ai of the refractive index 

m 

Hi modulation in the first area A of the long period 

h# grating in the example 3 is 360|4m, the period of the 

3 refractive index modulation in the long period grating 

A in the comparison example 3A is 363|Lim, so the period is 

ni 

Q 15 longer in the comparison example 3A. Whereas the 

m period A 2 of the refractive' index modulation in the 

second area B of the long period grating in the example 
3 is 365)am, and the period of the refractive index 
modulation in the long period grating in the comparison 
20 example 3B is 368|mu, so the period is longer in the 

comparison example 3B . This is because the example 3 
implements a similar transmission characteristic as the 
comparison examples 3A and 3b with shorter length, so 
the amplitude of the refractive index modulation is 
25 large and the average refractive index is large. In 

other words, the average refractive index differs 
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between the comparison examples 3A and 3B and the 
example 3, so the period of the refractive index 
modulation must be different accordingly. 

In order to prevent the appearance of peaks by the 
beat of the grating period and the repeat period in the 
wavelength band in use, the following four equations 
must be satisfied. 



^<A S (7) 



A,L n 



2^_<A S (8) 



L 0 +A 2 



m 

W A L 

=P 10 A L <^f- (9) 

i . A 0 L 

m 



A L < (10) 



Here A s and A L are the refractive index periods of 
the long period grating which are required for 
obtaining a loss peak at the shortest wavelength and 

15 the longest wavelength respectively in the bands in use. 

The left side of the equation (7) and (8) and the 
right side of the equations (9) and (10) are periods 
due to the beat component of the grating period and the 
repeat period Lo respectively, and corresponds to the 

20 inverse number of the value inside the parenthesis in 

the equation (6) respectively. The equations (7) and 
(9) and the equations (8) and (10) are simplified as 
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follows . 




< A 2 < 




h 4 

ei 
i 

y 



Now the making method for the long period grating 
2 according to the second embodiment will be described. 
In the making method to be described here, the long 
period grating 1 of the first embodiment is obtained 
first, and the long period grating 2 of the second 
embodiment is obtained by processing this. 

Fig. 9A to Fig. 9C are diagrams showing the 
intensity modulation masks to be used for manufacturing 
the long period grating 2 according to the second 
embodiment. The intensity modulation mask 7 shown in 
Fig. 9A is a mask where areas for blocking the 
refractive index change inducing light (e.g. areas on 
which chromium oxide is deposited) are created in 
stripes with period Ai in a range with a length Wi 
(Wi>W) in a predetermined direction on one face of a 
flat plate made from a material which is transparent 
with respect to the refractive index change inducing 
light (e.g. silica-based glass). Here the refractive 
index change inducing light is a light with a 
wavelength which can increase the refractive index of 
the silica-based glass where Ge0 2 has been added, and 
is an ultra-violet laser beam with a 248nm wavelength, 
which is output from a KrF excimer laser light source, 
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for example. The intensity modulation mask 8 shown in 
Fig. 9B is a mask where areas for blocking the 
refractive index change inducing light are created in 
stripes with period A 2 in a range with a length 
5 W 2 (W 2 >W) in a predetermined direction on one face of a 

flat plate made from a material which is transparent 
with respect to the refractive index change inducing 
light. 

{v« The intensity modulation mask 9 shown in Fig. 9C 

Q 10 is a mask where the areas for blocking the refractive 

m index change inducing light (light blocking sections) 



are created in stripes in two parallel rows with period 



u 

li 

s L 0 in a range with a length W 3 (W 3 >W) in a predetermined 

gm direction on one face of a flat plate made from a 

ft 

m 15 material which is transparent with respect to the 

M refractive index change inducing light. In the first 

row, the length of the area to block the refractive 
index change inducing light (length along the above 
mentioned direction) is Li, and in the second row, the 
20 length of the area to block the refractive index change 

inducing light (length along the above mentioned 
direction) is L 2 . The areas to block the refractive 
index change inducing light in the first row and the 
areas to block the refractive index change inducing 
25 light in the second row are disposed alternately when 

viewed along the above mentioned predetermined 
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direction. The sections between each light block 
section are created as light transmission sections 
which transmit light. 

Fig. 10A and Fig. 10B, and Fig. 11A and Fig. 11B 
are diagrams showing the manufacturing method for the 
long period grating 2 according to the second 
embodiment. Fig. 10A and Fig. 11A are diagrams viewed 
from a direction vertical to the intensity modulation 
mask, and Fig. 10B and Fig. 11B are diagrams viewed 
from a direction which is parallel to the intensity 
modulation mask, and is vertical to the longitudinal 
direction of the optical fiber 20. 

At first, the stripe section of the intensity 
modulation mask 7 (period Ai) and the stripe section of 
the first row (length Li of the light blocking area) of 
the intensity modulation mask 9 are overlaid on each 
other and are placed on the optical fiber 20, as shown 
in Fig. 10A and Fig. 10B. At this time, the intensity 
modulation masks 7 and 9 are placed such that the 
stripes of the intensity modulation masks 7 and 9 
become perpendicular to the longitudinal direction of 
the optical fiber 20. Through these two intensity 
modulation masks 7 and 9, the refractive index change 
inducing light (ultra-violet light) is irradiated onto 
the optical fiber 20 at a uniform intensity along the 
longitudinal direction in a predetermined range with 
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length W. By this, the refractive index modulation 
with period Ai are created in each first area A of the 
optical fiber 20. At this point, an element similar to 
the long period grating 1 of the first embodiment is 
5 obtained as an intermediate product. 

Then as Fig. 11A and Fig. 11B show, the intensity 
modulation mask 7 is replaced with the intensity 
modulation mask 8, the intensity modulation mask 9 is 
j»i parallel-shifted in a direction perpendicular to the 

£| 10 longitudinal direction of the optical fiber 20, the 

HI intensity modulation masks 8 and 9 are placed on the 

Id optical fiber 20 in a state where the stripe section of 

S 

B the intensity modulation mask 8 (period A 2 ) , and the 

El 

gpj stripe section of the second row of the intensity 

St - 

"M 15 modulation mask 9 (length L 2 of the light block area) 

Pi 

M are overlaid on each other. At this time, the 

intensity modulation masks 8 and 9 are placed such that 
the stripes of each intensity modulation mask 8 and 9 
become perpendicular to the longitudinal direction of 

20 the optical fiber 20. And through these two intensity 

modulation masks 8 and 9, the refractive index change 
inducing light (ultra-violet light) is irradiated onto 
the optical fiber 20 at a uniform intensity in a 
predetermined range along the longitudinal direction 

25 with length W. By this, the refractive index 

modulation with period A 2 are created in each second 
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area B of the optical fiber 20. 

In the long period grating manufacturing method 
according to the present embodiment, a part of the 
intensity modulation mask 7 with a predetermined period 
5 Ai is masked by the intensity modulation mask 9, and 

the refractive index modulation with the period Ai is 
created in the first area A of the optical fiber 20. 
Also a part of the intensity modulation mask 8 with a 

h* predetermined period A 2 is masked by the light 

en 
=f 

|| 10 intensity modulation mask 9, and the refractive index 

09 

M modulation with the period A 2 is created in the second 

y area B of the optical fiber 20. Therefore in the long 

s period grating manufactured by this manufacturing 

h 

m method, the refractive index modulation in each one of 

pi 

g 15 the plurality of first areas A is given by the product 

M of the first square wave function (period L 0 , duty 

if* 

ratio Li/Lo) , where a value in the first area A is 1 
and a value in the other area is 0, and the period 
function of the first period Ai in the predetermined 

20 range W. In the same way, the refractive index 

modulation in each one of the plurality of second areas 
B is given by the product of the second square wave 
function (period L 0 , duty ratio L 2 /L 0 ) , where a value in 
the second area B is 1 and a value in the other area is 

25 0, and the period function of the second period A 2 in 

the predetermined range W. In other words, the long 
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period grating 2 of the second embodiment is obtained. 

When the length from one end to the other end of 
the range, where the refractive index rising sections 
are formed at equal intervals with period Ai in the 
first area A, is regarded as the length Li of the first 
area A, and the length from one end to the other end of 
the range, where the refractive index rising sections 
are created at equal intervals with period A 2 in the 
second area B, is regarded as the length L 2 of the 
second area B, the length Li of each one of the 
plurality of first areas A is not always the same, and 
the length L 2 of each one of the plurality of second 
areas B is also not always the same depending on the 
relative positional relationship of the respective 
refractive index change inducing light blocking areas 
when the intensity modulation mask 7 and the intensity 
modulation mask 9 are overlaid. However, in the case 
of the long period grating manufactured by the above 
mentioned manufacturing method, each intensity 
modulation mask has a predetermined period, so the 
deviation of the lengths Li of each one of the first 
areas A is smaller than double that of the first period 
Ai, the deviation of the lengths between each one of 
the plurality of the first areas A is smaller than 
double that of the first period Ai, the deviation of 
the lengths L 2 of each on of the plurality of the 
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second areas B is smaller than double that of the 
second period A 2 , and the deviation of the lengths 
between each one of the plurality of the second areas B 

is smaller than double that of the second period A 2 . 
Therefore the first square wave function can be 
substantially regarded as period L 0 and the duty ratio 
Li/Lo, and the second square function can be 
substantially regarded as period L 0 and the duty ratio 
L 2 /L 0 , and the above equations (1) to (6) can be 
satisfied, 
(Third Embodiment) 

The third embodiment of the long period grating 
according to the present invention will now be 
described. Fig. 12 is a diagram showing the long 
period grating 3 of the third embodiment. Fig. 12 
shows a cross-section when the long period grating 3 is 
cut at the plane which includes the optical axis. In 
the long period grating 3 shown in Fig. 12, a 
refractive index modulation with a first period Ai is 
created at each one of the plurality of first areas A 
of the core area 31 in a predetermined range VJ along 
the longitudinal direction of the silica-based optical 
fiber 30, which includes the core area 31, where Ge0 2 
has been added, and a clad area 32 surrounding this 
core area 31, and the refractive index modulation with 
the second period A 2 is created in each one of the 
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plurality of second areas B of the core area 31, and 
the refractive index modulation with the third period 
A 3 is created in each one of the plurality of third 
areas C. The first areas A, the second areas B, and 
5 the third areas C do not overlap each other, and are 

sequentially created along the longitudinal direction. 
The first period A lr the second period A 2 , and the 
third period A 3 are different from each other. 
^,4 In a predetermined range W, the refractive index 

m 10 modulation in each one of the plurality of first areas 



m 

m 
4= 

2 



A is given by a product of the first square wave 
function, where the value in the first area A is 1 and 
the value in the other area is 0, and the period 
|5 function of the first period Ai, just like the case of 

Lpf 15 the first embodiment. In the same way, in a 

If predetermined range W, the refractive index modulation 

in each one of the plurality of second areas B is given 
by the product of the second square wave function, 
where the value in the second area B is 1 and the value 
20 in the other area is 0, and the period function of the 

second period A 2 . Also in a predetermined range W, the 
refractive index modulation in each one of the 
plurality of third areas C is given by the product of 
the third square wave function, where the value in the 
25 third area C is 1 and the value in the other area is 0, 

and the period function of the third period A 3 . 
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It is preferable that the first square wave 
function has period L 0 and duty ratio Li/L 0 . However, 
if the deviation of the lengths Li of each one of the 
plurality of the first areas A is smaller than double 
that of the first period Ai, and the deviation of the 
lengths between each one of the plurality of the first 
areas A is smaller than double that of the first period 
Ai, then the first square wave function may have period 
L 0 and duty ratio Li/L 0 . In the same way, it is 
preferable that the second square wave function has 
period L 0 and duty ratio L 2 /L 0 . However, if the 
deviation of the lengths L 2 of each one of the 
plurality of second areas B is smaller than the double 
of the second period A 2 , and the deviations between 
each one of the plurality of the second areas B is 
smaller than double that of the second period A 2 , then 
the second square wave function may have period L 0 and 
duty ratio L 2 /L 0 . In the same way, it is preferable 
that the third square wave function has period L 0 and 
duty ratio L 3 /L 0 . However, if the deviation of the 
lengths L 3 of each one of the plurality of the third 
areas C is smaller than double that of the third period 
A 3 , and the deviation of the lengths between each one 
of the plurality of the third area C is smaller than 
double that of the third period A 3 , then the third 
square wave function may have period L 0 and duty ratio 
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L3/L0 - 

It is also preferable that for the period function 
of the first period Ai, the amplitude of the refractive 
index modulation is the same in each one of the 
5 plurality of the first areas A. In the same way, it is 

preferable that for the period function of the second 
period A 2/ the amplitude of the refractive index 
modulation is the same in each one of the plurality of 

y± the second areas B. In the same way, it is preferable 

Ci 

C3 10 that for the period function of the third period A 3/ 

ri£ the amplitude of the refractive index modulation is the 

5 ?s5 

same in each one of the plurality of the third areas C. 

Jt 

J Also it is preferable that the amplitude of the 

0 

2g refractive index modulation in each one of the 

m 15 plurality of the first areas A, the amplitude of the 

w 

51 refractive index modulation in each one of the 

m 

plurality of the second areas B, and the amplitude of 
the refractive index modulation in each one of the 
plurality of the third areas C are the same. 

20 For the transmission characteristic of the long 

period grating 3 according to the present embodiment, a 
component due to the refractive index modulation in 
each one of the plurality of first areas A, a component 
due to the refractive index modulation in each one of 

25 the plurality of the second areas B, and a component 

due to the refractive index modulation in each one of 
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the plurality of the third areas C are superimposed. 

i 

The component due to the refractive index modulation in 
each one of the plurality of the first areas A is the 
same as that shown in the first embodiment. The 
5 component due to the refractive index modulation in 

each one of the plurality of the second areas B is also 
the same as that shown in the first embodiment, and the 
component due to the refractive index modulation in 
kt each one of the plurality of the third areas C is also 



P 10 the same as that shown in the first embodiment. 

Is 

fjgl Now an example (example 4) of the long period 

M 

fLi grating 3 according to the third embodiment will be 

^£ 

* described. Fig. 13 is a diagram showing the 

f'i 

~K transmission characteristic of the long period grating 

Kb 

LjS 15 in the example 4. In the long period grating in 

ill example 4, L 0 = 4.5mm, Li = L 2 = L 3 = 1.5mm, Ai = 360|om, 

A 2 = 365|jjti, A 3 = 370|om, the number of the first areas A 
is 11, the number of the second areas B is 11, the 
number of the third areas C is 11, and the length of 
20 the predetermined range W is 49.5mm. 

As Fig. 13 shows, the long period grating in the 
example 4 has loss peaks at around wavelengths 1530nm, 
1545nm and 1560nm respectively (based on the first term 
of the right side of the equation (3) ) . The loss peak 
25 at around the wavelength 1530nm is due to the 

refractive index modulation with the first period A x in 
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the first area A. The loss peak at around the 
wavelength 1545nm is due to the refractive index 
modulation with the second period A 2 in the second area 
B. And the loss peak at around the wavelength 1560nm 
is due to the refractive index modulation with the 
third period A 3 in the third area C. 

The long period grating in example 4 also has loss 
peaks at around the wavelengths 1475nm, 1485nm, 1495nm, 
1605nm, 1620nm, and 1635nm respectively (based on the 
third term of the right hand side of the equation (3) ) . 
These loss peaks can exist in the signal light 
wavelength band by appropriately setting L 0 . In this 
way, the long period grating in the example 4 has a 
small size, even if a plurality of loss peak 
wavelengths exist in the signal light wavelength band. 
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